A paradoxical reaction (PR) is an excessive immune response occurring during antitubercular therapy (ATT), but is rare in patients with miliary tuberculosis. A 78-year-old woman complained of general malaise, loss of appetite, and fever for 10 days. Chest computed tomography (CT) showed diffuse, bilateral, discrete miliary nodules. The patient was treated with ATT for miliary tuberculosis. Nine days after starting the treatment, she developed a spiking fever and worsening malaise. Repeat CT showed new localized ground-glass opacity (GGO) in the right upper lobe. After excluding possible etiologies, she was diagnosed with PR due to ATT. She was successfully managed with oral prednisolone while continuing ATT. The GGO diminished and did not recur after discontinuation of the steroids. We reviewed 28 reported cases of miliary tuberculosis with a PR in patients not infected with human immunodeficiency virus. Those not on immunosuppressive therapy were likely to develop a PR early. This case illustrates that a PR may present as localized GGO in miliary tuberculosis in the lung of patients treated with ATT. In cases of a PR with marked symptoms, steroid therapy may be valuable.
Introduction
Tuberculosis remains a common disease in both developing and developed countries. Although the global incidence of tuberculosis has been on the decline, the worldwide disease burden remains a major health problem. One-third of the world's population is estimated to be infected with Mycobacterium tuberculosis, and 10% of these individuals develop active tuberculosis during their lifetime [1] . While treatment with appropriate antitubercular drugs is important, they have some characteristic complications. A paradoxical reaction (PR) is defined as transient worsening of pre-existing symptoms or appearance of new signs, symptoms, or radiographic manifestations of tuberculosis that occur after treatment initiation [2] . A PR can be diagnosed only after ruling out treatment failure, poor compliance, drug resistance, side effects of antitubercular therapy (ATT), or another infection. This phenomenon often occurs in individuals infected with human immunodeficiency virus (HIV), but it is not common in individuals who are HIV-negative [3] . A PR has been reported to occur in 2.4% of cases with pulmonary tuberculosis [4] . However, it is rare in miliary tuberculosis and has only been reported sporadically in case reports. Here we report a case of miliary tuberculosis in a HIV-negative patient who developed a PR during appropriate ATT and also discuss similar cases reported in the literature.
Case report
A 78-year-old woman presented to our hospital complaining of general malaise, loss of appetite for 2 weeks, and fever for 10 days. She had been diagnosed with pulmonary tuberculosis when she was in elementary school and had been treated with ATT, although the specific details of the therapy were unknown. She was admitted to our hospital for further investigation.
Physical examination revealed a heart rate of 78 beats/min; blood pressure of 153/80 mmHg; body temperature of 38.4 C; and SpO 2 of 97% (on room air). Chest auscultation revealed no rhonchi, crackles, or wheezes. A chest radiograph showed diffuse reticular nodule (Fig. 1 ), and computed tomography (CT) showed diffuse, bilateral, discrete miliary nodules ( Fig. 2a ). Laboratory findings revealed a hemoglobin level of 10.0 g/dl, white blood cell count of 4300 cells/mm 3 with 67.6% neutrophils, and C-reactive protein level of 6.6 mg/dl. Bronchoscopy was performed on the 2nd day after admission and revealed no specific abnormalities of the bronchial walls. Bronchial washings of the right upper lobe and transbronchial lung biopsies in subsegments B2b, B3a and B9 were performed. Sputum, blood, urine, bronchial lavage fluid, and lung tissue smears were negative for acid-fast bacilli. Polymerase chain reaction for M. tuberculosis DNA isolated from the bronchial lavage fluid was also negative. Despite negative test results for acid-fast bacilli, the patient was diagnosed with miliary tuberculosis on the basis of clinical history and radiological findings. She was subsequently started on a four-drug ATT comprising isoniazid (200 mg/day), rifampicin (300 mg/day), ethambutol (500 mg/day), and pyrazinamide (1000 mg/day), which temporarily improved her fever ( Fig. 3 ). However, 9 days after starting ATT, she developed a spiking fever and worsening malaise. Repeat CT showed new localized groundglass opacity (GGO) in the right upper lobe (Fig. 2b) .
Sputum Gram staining and sputum and blood cultures were negative for secondary bacterial infection. Additional laboratory investigations revealed the following results: Krebs von den Lungen-6 level, 306 U/ml (normal level; <500 U/ml); surfactant protein-D level, 69.5 ng/ml (normal level; <110 ng/ml); procalcitonin level, 0.1 ng/ml; HIV-1 and -2 antibody, negative; and cytomegalovirus antigen, negative. Krebs von den Lungen-6 and surfactant protein-D are serum markers indicating the disease activity of interstitial pneumonia. Considering the clinical course and radiological worsening after initiation of ATT, she was considered to have a PR as a result of the therapy.
Because of her increased general fatigue, repeat bronchoscopy was waived, and she was managed with oral prednisolone at a dose of 25 mg/day while continuing ATT. Her fever and malaise gradually resolved. Eight days after the initiation of steroid therapy (18 days after the initiation of ATT), CT showed improvement in the GGO (Fig. 2c ). Oral prednisolone was then tapered over a period of 2 weeks. Even after discontinuation of the steroid therapy, there was no recurrence of the GGO on follow-up CT (Fig. 2d ).
She again experienced fever accompanied by eosinophilia and elevated liver enzyme levels; these findings were attributed to the drug fever. The ATT was ceased for 1 week, after which a modified regimen was administered ( Fig. 3 ). She was discharged on day 63, and hyposensitization therapy for rifampicin was initiated. ATT with isoniazid (300 mg/day) and rifampicin (450 mg/day) was continued. On follow-up CT, the GGO had disappeared and the miliary nodule was improving. Fig. 3 . Hospital course depicting the patient's fever and antitubercular therapy regimen. On day 33, because of a drug fever with eosinophilia and elevated liver enzyme levels (AST 176 U/l, ALT 120 U/l), antitubercular therapy was withdrawn for 1 week. Arrows and letters indicate when chest CT described in Fig. 2 was performed. Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase.
Discussion
A PR to ATT is a well-recognized phenomenon. In this case, an individual who was HIV-negative developed a localized GGO as a PR to ATT. Although her sputum smear was negative for acid-fast bacilli, the diagnosis of miliary tuberculosis was based on the clinical and radiological features as the sputum smear is reported to be positive in only one-third of patients with miliary tuberculosis [5] . The PR was successfully treated with a short course of steroids while ATT was continued, and the complication did not recur thereafter. Our patient developed worsening clinical and radiological features on day 9 of ATT. Bacteriological and serologic testing did not indicate any secondary infection. Drug-induced pneumonia secondary to the ATT seemed unlikely because the new GGO was unilateral and limited to the right upper lobe. It also supports the idea that serum markers, Krebs von den Lungen-6 and surfactant protein-D were normal. It did not recur with continuation of ATT even though the steroid therapy was discontinued. Exacerbation of miliary tuberculosis was also unlikely because the miliary nodule was seen to be improving with ATT. Therefore, we clinically diagnosed this phenomenon as a PR even though the patient's condition did not allow bronchoscopy to be performed.
It has been postulated that the mechanism underlying a PR is local rebound immunological response. The destruction of mycobacteria and release of tubercular proteins invoke mixed type 1 and type 2 helper T-lymphocyte inflammatory responses [6] . The inflamed tissue becomes extremely sensitive to tumor necrosis factor-α, releasing cytokines that cause necrosis, first of the microvasculature and subsequently the whole tissue [6] .
To our knowledge, besides our case, 28 cases of a PR in miliary tuberculosis in non-HIV-infected patients have been reported in the past 40 years (Table 1) . The manifestations described depended on the site of involvement. It occurred most commonly in the central nervous system (39%), followed by skin (25%), lymph nodes (18%), bone and muscles (7%), lung (7%), and gastrointestinal tract (4%). However, there may be selection bias in the spectrum of findings in the PRs identified in these reports because unusual or severe cases are more likely to be reported. The occurrence of PR varied from a few days to a few months after initiation of ATT, although it was likely to occur earlier in patients not on immunosuppressive therapy. The outcome was generally good, although sequelae could occur with a central nervous system PR. Treatments included surgery and steroid administration. A PR in the lung is comparatively atypical and localized GGO is especially rare, although some cases of acute respiratory distress syndrome in miliary tuberculosis have been reported [33] [34] [35] . Our case illustrates that a PR in the lung may present with localized GGO. As in the other reports, our patient's PR improved following administration of steroids with continued ATT.
In summary, we must recognize that in miliary tuberculosis being treated with ATT, a PR may present with a localized GGO in the lung. Patients without immunosuppression may be prone to developing a PR earlier than those who are immunosuppressed. In cases of PR with marked symptoms, steroid therapy may be valuable. More studies are necessary to decide the treatment course for a PR to ATT in miliary tuberculosis.
